ABSTRACT
INTRODUCTION
HEVC is the new video coding standard developed by the joint collaboration of the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group (MPEG). The main aim of the HEVC is improving the compression efficiency of the H.264/AVC standard by almost 50% and maintaining the same computational complexity. Many coding tools are included to reduce the distortion between the original frames and decoded frames produced by the lossy coding.
The name loop filtering reflects that the filtering is done by removing the blocking artifacts [1] . H.264/AVC includes an in-loop Deblocking filter. HEVC employs a Deblocking filter similar to the one used in H.264/AVC but expands an in-loop processing by introducing two new tools: SAO and ALF. These techniques are implemented to reduce the distortion introduced by the encoding process (prediction, transform, and quantization). By including these filtering techniques, the pictures will serve as better references for motion-compensated prediction since they have less encoding distortion.
Over the past several years many algorithms have been proposed for reducing the blocking artifacts and the bit rate [2] - [5] . These algorithms can be categories into three types: first type is a post processing algorithm for removing blocking artifacts for highly compressed images in the DCT domain [2] , second one reduces the blocking artifacts carried out at encoding schemes and third one reduces the temporal redundancy of ALF parameters by reusing the prior transmitted filter parameters [3] . In [4] , a strong filter is selectively applied to blocks having small artifacts to avoid harmful side effect of filtering. A weak filter is applied to the other blocks to slightly correct them. In [5] , an adaptive in-loop bilateral filter selecting the optimal filter parameters, based on the image characteristics, is proposed to minimise the Lagrangian Rate-Distortion.
In this paper, we propose an algorithm to reduce the bit rate and improve the video quality by combining a trilateral filter and adaptive filter together, evaluate the effect of proposed algorithm on the quality of the output and compare their results to the evaluated results of the original algorithm of HEVC for various quantization parameters.
The rest of the paper is organized as follows: Section II describes the adaptive loop filtering. Section III describes the trilateral filter. Section IV describes the proposed algorithm. Finally, the experimental results and conclusion are shown in sections V and VI.
HEVC ADAPTIVE LOOP FILTERING
This section describes ALF core techniques employed in the final ALF version in HM-11.0. The filter includes Wiener filter, filter shapes, and coefficient coding. The Wiener filter minimizes the mean square error between the desired samples and the filtered samples. The desired samples are the original picture. The to-be-filtered samples are the output picture of SAO. The filtered samples are the output picture of ALF.
In [1] , an ALF is applied to the reconstructed signal after the de-blocking filter and SAO. The filter is adaptive in the sense that the coefficients are signalled in the bit stream and can therefore be designed based on image content and distortion of the reconstructed picture. The filter is used to restore the reconstructed picture such that the mean-squared error between the source picture and the reconstructed picture is minimized.
Test Model HM-3.0 uses a single filter shape which is a cross overlaid on a 3 x 3 square with nine coefficients, to be encoded in the bit stream. The number of taps in the filter is greater than nine due to symmetry; however, every picture may not need all the nine taps as in HM-7.0 [6] . This test model has different filter square shapes 5X5, 7X7 and 9X9, where these shapes can be selected for different pictures. In HM-6.0 and HM-7.0, number of coefficients is reduced to half by changing the ALF from square to diamond shape. The combination of 9X7-tap cross shape and 3X3-tap rectangular shape generates the filter shape of ALF in HM-7.0.The Filter coefficients are derived by solving Wiener-Hopf equation [6] . ALF in HM7.0 reduces the number of coefficient by half which in turn reduces the number of multiplications by half, which significantly reduces the chip area for ALF. 
Syntax Design
There are two types of coded information for ALF: filter coefficient parameters and filter on/off control flags. As shown in Fig. 2 , the filter coefficient parameters are located in a picture-level header called APS, and the filter on/off control flags are interleaved in slice data with CTUs. The filter coefficient parameters include picture-level on/off control flags for three color components, number of luma filters (i.e., class/region merging syntax elements for BA/RA), and corresponding filter coefficients. Up to 16 luma filters, one Cb filter, and one Cr filter per picture can be signalled. Filter on/off control flags are used to provide better local adaptation. In addition to the picture-level filter on/off control flags in APS, there are also slice-level and CTU-level filter on/off control flags. In slice header, similarly, filter on/off control flags for three color components are coded. The signalling of slice-level filter on/off control flags can solve a slice parsing problem when the referenced APS of the slice is lost [7] . If the slice-level on/off control flag indicates ALF-on, CTU-level filter on/off control flags are interleaved in slice data and coded with CTUs; otherwise, no additional CTU-level filter on/off control flags are coded and all CTUs of the slice are inferred as ALF-off.
APS was removed from HEVC standard after HM-8.0. As APS is removed the related syntax elements of filter parameters in slice header ALF is implemented.
Trilateral Filter
An image is defined by f(x) ∈ ܴ (n = dimensionality), where x ∈ Ω is the pixel position in image domain Ω. Generally speaking, an n-D (n-dimensional) pixel-discrete image has an image domain defined as,∅ ⊂ Ω ⊆ ܺ ⊂ ܰ (Xn is our maximum discrete index set of the image domain in dimension n). A smoothing operator will reduce an image to a smoothed version of itself, specifically S(f) = s, where s is in the same image domain as f. To introduce the trilateral filter, we must first define the bilateral [8] case; we will then go on to define the traditional trilateral filter using this notation.
The trilateral filter is a "gradient-preserving" filter [8] . It aims at applying a bilateral filter on the current plane of the image signal. The trilateral case only requires the specification of one parameter ߪ ଵ . At first, a bilateral filter is applied on the derivatives of ݂ (i.e., the gradients): Again, ‫ݓ‬ ଵ and ‫ݓ‬ ଶ are assumed to be Gaussian functions, with standard deviations ߪ ଵ and ߪ ଶ , respectively. The method requires specification of parameter ߪ ଵ only, which is at first used to be the diameter of circular neighbour-hoods at x in ݂; let ݃ തതതሺ‫ݔ‬ሻ be the mean gradient of ݂ in such a neighbourhood. The parameter for ‫ݓ‬ ଶ is defined as follows: 
PROPOSED ALGORITHM
There are three in-loop filtering techniques in HEVC; namely, the de-blocking filtering, the Sample Adaptive Offset (SAO) and the Adaptive Loop Filter (ALF). After the details of these filters in the previous sections, we design the proposed filter in in-loop filtering process.
Boundary Block Detection
Trilateral filter works in the context of block-based processing. The trilateral filter might introduce other blocking artifacts if it is applied to all the blocks in a frame, so it is only applied to blocks in object boundaries. This is called region-based filtering. The standard deviation of the block is used to detect where the boundary block. Non-boundary blocks usually consist of homogeneous pixel values and have a smaller variance. When the standard deviation of a block exceeds a pre-defined value, the trilateral filtering is performed and the standard deviation for an NXN block is:
Where N is the block size, I(i,j) is the pixel intensity, and Mean is the mean of the block.
In-Loop Filtering
After the details of ALF and trilateral filter in SECTION II, it is now essential to define how to combine these filters in the HEVC in-loop filtering process. As described in the introduction. The trilateral filter is "gradient-preserving" filter suited to remove the blocking artifacts whereas the Adaptive loop filter is more targeted to reduce the bit-rate. Therefore, it is appropriate to combine these two filters by selecting, for each image block in the reconstructed frame. This is the main idea behind the proposed algorithm whose processing considered each block along with the deblocking filter. The filtering reduces the bit-rate and improves the PSNR values and is not complicated when compared with other algorithms. Now the procedure is detailed in steps by supposing a input frame F into the in-loop filter. The performed steps are:
1. Partition F into block size of B 2. Using the standard deviation of a block detect the object boundaries 3. Over the object boundary perform TLF to obtain F 4. Perform DBF over the remaining blocks of the frame to obtain F ୈ 5. Finally the combined frame F ୈ is obtained 6. Over the whole frame F ୈ perform ALF to obtainF ୈ .
In this algorithm by considering the region characteristics of the block only the block boundaries are filtered by trilateral filter. Therefore, we adopt the quad-tree structure of LCU in HEVC. For every CUs in LCU, we check whether its standard deviation is above a certain threshold. If the condition is met, we perform the trilateral filtering in this block. Later ALF is performed over the whole frame. The overall flow chart of the proposed in-loop filter for HEVC is shown in Figure  3 . 
EXPERIMENTAL RESULTS
In this paper, the proposed method is implemented on HM-11.0 and the results are obtained for both the modified HM11.0 and the original one. For each video sequence, the quantization parameters are 32, 38 and 42. Five frames in the test sequence are encoded. Figures 4 and 5 show the PSNR for different bit rates. Figure 6 compares the subjective video quality (better quality can be shown on a screen). Tables 1 and 2 show that the proposed algorithm reduces the bit rate by 0.7% and improves the PSNR values by 0.05%, 0.30 % and 0.35 % in luminance and chroma. Improvement is more significant on low resolution than the high resolution video sequences. 
CONCLUSION
In this paper, the main aim of proposing a new adaptive trilateral filter for in-loop filtering is to reduce the bit-rate and improve the PSNR values. The simulation results show that the proposed algorithm improves rate distortion performance and reduces the ringing artifacts introduced by the use of large transform block sizes and, therefore, it also improves the perceived video quality. Moreover, proposed algorithm allows an average bitrate reduction of about 0.7% and improves the PSNR of the decoded frame by 0.05%, 0.30% and 0.35% in luminance and chroma.
